Introduction
The Parkes-Tidbinbilla interferometer (Norris et al. 1988 ) has a baseline of 275 km, and is the longest real-time interferometer in the world. At the observing frequency used, 2.29 GHz, it has a fringe spacing of a 100 milliarcseconds. Only VLBI (Broderick and Condon 1975 , Preston et al. 1985 , and Morabito et al. 1986 ) yields greater resolving power. The aim of the survey was to obtain a measure of the angular size at the 10 milliarcsecond level of a complete sample of southern radio sources which on spectral evidence one would suspect to be compact. These constituted all sources in the Parkes Catalogue (Bolton, Wright and Savage 1979; Wright and Otrupcek 1990 ) which (i) were south of declination +10°, (ii) had a listed flux density at 2.7 GHz equalling or exceeding 0.5 Jy, and (iii) had a 2.7/5.0 GHz spectral index equalling or exceeding -0.5 . Five hundred and twenty six sources satisfied these selection criteria. Of these, 50 sources lay in optically empty fields, and 49 lay in optically crowded or obscured fields or were unidentified for other reasons. Of those that could be optically or otherwise identified, 337 were quasars, 59 were galaxies, 15 were BL Lacs, 8 were HII regions, 4 were planetary nebulae, and 4 were supernova remnants.
Observing and Analysis Methods
The interferometer comprises the Parkes 64m antenna and one of the NASA 34m antennas at Tidbinbilla near Canberra. It has a baseline of 274.8 km orientated 13° W of N. All observations were made at 2.29 GHz. We observed each source for about 5 min., mostly close to transit, during each of five sessions running from April 1988 to January 1989. Some sources were observed during each of the five sessions, and almost all were observed at least twice. Where three or more observations were made the values shown in Table 1 and in Figures 1 to 9 are medians, otherwise they are means. Total flux density was measured with the Parkes 64m dish using the observing program 'SPOT' which scans across the source in both Right Ascension and Declination and, for each scan, fits a baseline and Gaussian to the received signal. Calibration was achieved through observations of Hydra A (0915-118); this was observed at least once each observing day, and was assumed to have a flux density of 27.2 Jy (Wright and Otrupcek 1990). As a check, the total flux density of some of the compact sources was also measured with the Tidbinbilla short (200m) baseline interferometer.
The correlated flux density, measured with the ParkesTidbinbilla interferometer, is more difficult to calibrate. In principle the quantity measured, h, is h = Tcorrelated / [ (Tantenna I + ^source i) (Tantenna 2 + Tsource i> J where T an t e nna 1 is m e system temperature at antenna 1
Tsource 1 ls tne source temperature at antenna 1
and Tantenna 2 an(^ Source 2 are tne corresponding quantities for antenna 2. We should therefore be able to use this equation and our knowledge of T a n t e n na a n d ^source t° calculate T corre | ated and from this deduce the factor of proportionality between the observed quantity, h, and the correlated flux density. However, as is well known (Cohen et al. 1975) , instrumentation, particularly the correlator and its software, introduces additional factors which are difficult to evaluate, and it is therefore usual to derive the relation between h and correlated flux density empirically. This is done by using as calibrators, sources which are confidently believed to be compact; for them the correlated flux density must equal the total flux density.
As commonly happens with interferometers, the raw observations gave a small base level of apparent correlated flux density even when none was present. Regular observations of both very extended sources and cold sky showed that this base level was constant with time, and independent of such parameters as flux density and hour angle. It was therefore a simple matter to subtract it from the observed data. The sharp peak and cutoff at zero in Figure 2 confirms that the procedure was successful.
The system temperature and gain of the antennas varied by a few percent with elevation. In most cases we observed close to transit, but even so the antenna elevation varied systematically with the declination of the source. We have not corrected for this, mainly because the error so introduced was small compared with the errors discussed in the next section.
However, although it too was small, we have corrected for the contribution of the source signal to the total system temperature. For each source, we calculated T s o u r c e from our measured total flux density and knowledge of the sensitivity of the antenna in terms of Kelvin/Jy, and used this and our knowledge of Tantenna an< l the above equation to remove the dependence of h on T source .
After this correction h should have been linearly proportional to T corre i a ted. and our next task was to identify the compact sources and to use these to determine the constant of proportionality.
Figures 1 and 2 show the distribution of the observed visibilities (the ratio of correlated to total flux density). For the moment we should disregard the x-axis scale; it is this we are now trying to determine. Just as the distribution (see Figure 2 ) shows a sharp lower limit corresponding to very extended sources, we had hoped it would show a sharp upper limit corresponding to very compact sources. Had it existed, this upper limit could have been confidently ascribed a visibility of 1. However, the upper cutoff is indistinct and, for this reason, we must temporarily digress to discuss the errors which have smeared it. Figure 3 compares measurements of visibilities made in mid 1988 with those made in December 1988 and January 1989. We see that for the extended objects, those with visibilities less than 0.4, the agreement is good, but for the more com- pact objects there is a large scatter. Similar separate plots for total flux density and correlated flux density respectively (not shown) show that most of this scatter arose from the measurement of correlated flux density. We now discuss the probable causes of the scatter in measured visibility. The radio images of most galaxies and quasars show two or more components and consequently large aspect ratios. Their visibilities have a correspondingly large dependence on Hour Angle. This error will not affect compact sources, and thus cannot explain the lack of a sharp upper cut-off seen in Figures 1 and 3 . However, although we usually observed fairly close to transit, this Hour Angle dependence probably explains most of the scatter seen in the centre of Figure 3 . The precise measurement of the visibility of well resolved sources is largely meaningless.
(a) Errors
We were unable to measure total and correlated flux density simultaneously; in some cases the two measurements were separated by a few days, in other cases by a few months. As is well known most compact sources are variable (Kesteven et al. 1977; Stannard and Bentley 1977) , and such variation will cause errors in the deduced visibility. If, for example, the flux density of an unresolved source was less at the time of the total flux density measurement than at the time of the correlated flux density measurement, then the visibility will appear to exceed unity. However, comparisons of total fluxes measured during different sessions showed that this was not commonly a serious problem; disagreement was usually less than 5%. Source variability therefore was not the cause of most of the scatter in visibilities seen in the centre of Figure 3 , but it would have caused some scatter, and in particular is the most likely cause of the few cases of visibility exceeding 1.1 (Figure 1 ). BLLacs are renowned for their extreme variability (Stannard and Bentley 1977; Johnston et al. 1984) , and it is noteworthy that more than a quarter of the BL Lacs, a much higher proportion than for any other class of object, had apparent visibilities exceeding unity.
In summary, most of the scatter seen in the body of Figure  3 probably arose mainly from a dependence of visibility on Hour Angle. The 10 cases of apparent visibilities exceeding 1.1 (Figure 1 ) probably arose partly from source variability and partly from occasional large measurement errors. The 23 cases with apparent visibilities of 1.05 and 1.1 are to be expected from our normal measurement errors; compar-isons of total flux density measurements from different sessions showed a median difference of 5%, and we should probably expect similar measurement errors in the correlated flux density.
(b) Calibration of the visibility
We now return to the problem of determining of the visibility scale. In Figure 3 imagine for the moment that we do not know this scale and are free to slide the lines representing a visibility of unity up and down the diagonal. Then, in the absence of errors, at the correct position of the lines all the points must be confined to the lower-left quadrant, and in particular there should be no points in the upper-right quadrant. In the presence of errors this is no longer the case-now we must expect some points in the upper-right quadrant. In fact, because visibilities which were greater than unity in the later sessions would have been equally likely to have been greater or less than unity in the earlier sessions, we should expect approximately the same number of points in the upper-right as in the lower-right and upper-left quadrants (a more precise argument shows that there should be slightly fewer sources in the upper-right quadrant).
However we have used the criterion that there should be the same number of points in the three quadrants. Because of a tight knot of points in the top left quadrant we have not been able to achieve this goal exactly, and have instead been content to equalise the number of points in the two righthand quadrants.
Source Size
The purpose of measuring visibility is to gain information of angular size, but this purpose is achieved only imperfectly. A single measurement of visibility, or estimate of angular size, condenses to a single number information which can be properly described only by a two-dimensional brightness distribution. If the brightness distribution is highly elongated such condensed data is particularly inadequate; a radio source comprising a widely separated pair of equally intense compact components, for example, may appear small or large depending on the angle between the source axis and the interferometer baseline at the time of measurement. Also, the projected, or effective, baseline of the interferometer depends on the position of the source in the sky.
For these reasons we are able to give only nominal angular sizes. The angular size scales shown in Figures 1 and 2 and 4 to 7 assume all sources to have radially symmetric Gaussian brightness distributions (see Thompson, Moran and Swenson 1986) and to be observed at a zenith angle of 21° (the median zenith angle at transit of our 526 sources).
Results
Full results are shown in Table 1 . The abbreviations used are: ID= optical identification, No.= the number of independent observations of correlated flux density, Q=quasar, G=galaxy, Lac=BL Lac, PN=planetary nebula, SNR=super-nova remnant, HII=HII region, EF=empty field, and ?=opti-cally crowded or obscured field. Almost all the identifications are from the Parkes Catalogue (Bolton, Wright, and Savage 1979; Wright and Otrupcek 1990) , and most are optical, but in a few cases (especially for SNRs and HII regions) the identifications are based on other radio data. Note that the Parkes Catalogue identifies 1830-210 as an HII region, but as Rao and Subrahmanyan discovered in 1988 and we independently rediscovered during this survey (Jauncey et al. 1991) , it is an extragalactic double with compact components separated by 1 arcsec. Figure 1 shows the distribution of the observed visibilities for all sources, and Figures 4 to 7 show the distribution of visibilities for the various classes of objects.
For the sake of discussion we can divide the sources represented in Figure 1 into four groups. First, 177 sources, or 34% of the total, had measured visibilities greater than 0.875. The smaller the measured visibility within this range the larger the probability that the source was resolved, but given our errors we cannot confidently assert that any individual source within this group is resolved at the 10 milliarcsecond level.
Second, 202 sources, or 38% of the total, had measured visibilities between 0.525 and 0.875. These sources are confidently resolved but nonetheless are sufficiently compact to have had more than half of their flux density recorded by the interferometer.
Third, 103 sources, or 20% of the total, had measured visibilities between 0.025 and 0.525. These sources are very resolved but nonetheless sufficiently compact to have had some of their flux density recorded by the interferometer.
Fourth, 44 sources, including all 16 galactic and Magellanic Cloud SNR, planetary nebulae, and HII regions, were so extended that they showed visibilities less than 0.025. The great majority (41) of these sources, in fact, had measured visibilities less than 0.01 (leftmost column of Figure 2 ).
The radio galaxies ( Figure 4 ) on the whole showed much larger angular sizes than the quasars (c.f. Figure 5 ); in Figure  4 the most populated single bin is that for the smallest visibilities (< 0.025), and only five galaxies (8%) showed visibilities as high as 0.9, the most common visibility of quasars.
Most quasars, in contrast, have much smaller angular sizes ( Figure 5 ). The main feature in the distribution of the quasar visibilities is a large symmetrical peak centred on a visibility of 0.9. Eight of the quasars ( Figure 5 ) appeared to be very extended (visibility < 0.025) and about 45 appeared to be completely unresolved (visibility > 0.975).
Only 15 BL Lacs were observed, too few to permit definite conclusions, but the distribution of their visibilities (not shown) appeared to be similar to that of the quasars ( Figure  5 ).
Optically unidentified radio sources fall into two classesradio sources in optically empty fields, and radio sources in optically crowded or obscured fields.
Most radio sources in optically empty fields have small angular sizes ( Figure 6 ); the distribution of their visibilities ( Figure 6 ) is similar to that of optically identified quasars ( Figure 5 ). We therefore conclude that most are quasars. This conclusion is perhaps to be expected; a source in an optically empty field must be optically faint, and it seems reasonable that most radio bright but optically faint objects should be very distant, and therefore probably quasars.
Nonetheless the observations seem, at first sight, to be at variance with earlier observations obtained at 6 cm with the Cambridge 5 km array (resolution 2 arcsec). Longair (1975) , to a sensitivity limit of 10 mJy, found that nine out of ten radio sources in optically empty fields showed no compact cores. Owen et al. (1982) found that even at a sensitivity limit of 0.8 mJy only 7 of 15 sources in optically empty fields showed compact cores. For this reason they concluded that the great majority of radio sources in empty fields must be galaxies. Similarly, on the basis of their steep spectra, Kellermann et al. (1969) concluded that most optically unidentified sources were distant galaxies. By contrast we find 49 of 50 sources in empty fields to have detectable cores smaller than 90 milliarcseconds ( Figure 6 ). All but six of the sources showed visibilities exceeding 0.475 and as our sample was chosen to have Parkes total fluxes exceeding 500 mJy this means that these 43 sources had correlated flux densities exceeding approximately 225 mJy. Our results therefore suggest that most radio sources in optically empty fields are quasars with optical magnitudes fainter than the plate limits of about 21.
We believe that there are two reasons for these differing conclusions. First, the earlier workers drew their sources from catalogues based on low frequency surveys. Their sources would therefore be biased towards steep-spectrum sources and thus galaxies. In contrast we deliberately chose flat-spectrum sources so that ours would be biased towards quasars (but not fatally biased because only 79% of the optically identified sources were in fact quasars). Second, Kellermann et al. (and perhaps to a lesser extent Owen et al.) although using the term 'empty field' did not in fact distinguish between radio sources which were unidentified because they were in optically empty fields, and those that were unidentified because they were in optically obscured or crowded fields. When later, a group of authors, including Kellermann, made this important distinction, they found spectral evidence more in accordance with our angular-size evidence (Pauliny-Toth et al. 1978) .
We now discuss radio sources in optically obscured or crowded fields (those coded '?' in Table 1 ). We have no optical knowledge of those in optically obscured fields and would thus expect these to be a random mixture of galaxies and quasars. Similarly, sources in crowded fields would be expected to be a mixture of galaxies and quasars, though perhaps slightly biased towards galaxies because of the possibility that some are members of clusters. The distribution of the visibilities of the sources in optically obscured or crowded fields (Figure 7 ) generally supports this expectation; it is similar to the distribution of the visibilities of all sources (Figure  1 ), though perhaps showing more sources with large angular sizes, that is presumably galaxies, than expected.
In Figure 8 , we plot visibility versus redshift. Quasars at high redshift are more likely to have visibilities close to unity, but the relationship is not a simple linear regression. As we see from the contingency Table 2 , there is no shortage of compact quasars at low redshifts, only a shortage of extended quasars at high redshifts. Finally, in Figure 9 we plot visibility versus the spectral index as deduced from the 2.7 GHz and 5 GHz flux densities listed in the Parkes Catalogue. This plot is artificially truncated as our observing program excluded sources with spectral indices less than -0.5. As expected from earlier studies (e.g. Broderick and Condon 1975) , quasars with positive spectral indices (flux density increasing with frequency) are more likely to have visibilities close to unity. 
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However, as in the case of visibility versus redshift, the relationship is not a simple linear regression. The contingency table 3 shows that there is no shortage of compact sources with negative spectral indices, only a shortage of extended sources with positive spectral indices. Table 3 (with Yates' correction) yields % 2 = 23.2 which is significant at much more than the 99.99% level.
Conclusion
In this paper we have presented measurements of the angular size of 526 flat-spectrum southern sources on a 10 milliarcsecond scale. The data provide a list of small diameter sources suitable both as calibrators for shorter baseline interferometers such as the Australia Telescope, and targets for longer baseline high resolution VLBI observations. The finding that most quasars, high-redshift sources, and flat or positive spectrum sources are of small angular size supports similar earlier results. However to the best of our knowledge, only one of these earlier studies (Broderick and Condon 1975) extended to the 10 milliarcsecond level, and even that discussed spectral index only. In our sample, we find that a large majority of radio sources in optically empty fields, are of small angular size and, on this evidence, probably quasars. This is in contrast to earlier conclusions; the contrast probably partly arises because our sample comprised flat-spectrum sources. A detailed study of the astrophysical implications of the measurements is deferred for a subsequent paper. 1903-802 1921-293 1925-610 1929-457 1933-400 1936-155 1936-623 1937-101 1941-554 1947+079 1949-014 1953-325 1954-388 1958-179 2000-330 Flux blllty  2  2  2  2  2  2  2  2  2  2  2  2  1  2  2  0  2  0  2  3   1  2  2  1  1   1  1  1  2  1  1  1  2  2  2   2  2  2  2  1   2  2  2  2  2   2  5  3  2  2  2  2  3  2  2   2  2  3 
